Iranian Journal of Horticultural Science Sl SLEL
Vol 49, No 2, Summer 2018 (551-562) “”J e r’"&
DOI: 10.22059/ijhs.2018.240328.1308 BOYV-0FY o) VYAV Ll ¥ 5 L £ 5,90

S 30,5 995 Blapd)s s 8gm (Slosll 2 bl ol $T b5
(Red & Golden Delicious)

TGRS oy s 9 *T (S 9Lb 4l | Bloe 1,8
O, (58 s 5 J&Shs ( SLEL o5 05,5 bl 5 bkl (i)l w8 Gole (g gmdils ¥ 5 Y o
OYSVNN 1800 G060 = WAV tedly o 5o ,0)

oS>

>
Bloj s Olowiedy 15555 B 53 3 gmge SU 303 5355 o) e lrese Sl Skl dl Ciliies glacdile 5T
¥ YO Sl el hie O b st O3 Jold Wjlas A s Sl 5 g 5o, VAT 5IT0 A6 80 (bl
T L 2 JusSE Sosen GRll Ad )y e g B YV glos b ails e s Sl S 5 el e 4 Y e s
el e cals QLIS @\:3 g ANE 5,50 0L 51 e 3o,V L Obesen ‘..5) 33 2 0 Sl p sasls A |l bslas S
3 ot bl (Jalowe dola 5lge i Eol g0, WS ) Shwy 5 S S 05 SR Ly, dald 4 S Skl
GRS deoys eyl e 5 I 0 gee PH 5 IS Kbl (o ( Skt s sl el 680 bl s SanShl el
230505 o ) b o Sl (68Ul Sl e 5 508 o) 5 it 355 e Sk 9 PH S Bl 055
¥ Skl sl (g 590 ¥ gn oo ¥ Sl el 3,0, 0 51 hpds €l 2alS 5 eabity o ela SR g o 53

B oles K55l 55 5e g Slylil 5 CokS B s Y go e

s G AL Comid g 5 (S S (S sy bl (S LSl cdlad i suls” slacily

The effect of salicylic acid on storage of Red & Golden Delicious apple cultivars
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ABSTRACT
Effects of different concentrations of salicylic acid on the storage of golden and red delicious apple fruits in
Rafsanjan's Cantoie garden were studied at harvest time and 45, 90, 135 and 180 days after storage. Treatments were
included no washing, distilled water, salicylic acid 1, 2, and 3 mM for 1 and 2 hours in cold storage roomat 1 + 2 °
C. A factorial experiment based on a completely randomized design was designed. In both cultivars, harvest index
coincided with 170 days after full bloom. Results showed that weight loss, electrolyte leakage and decay reduced by
salicylic acid and maintained total soluble solids, general acceptance and antioxidant activity. However, salicylic acid
treatment had no effect on the color parameters, total acidity and pH of apple fruit. During storage, weight loos, total
acidity, pH and decay in golden delicious apples were higher than the red delicious apple, also shelf life of red
delicious apples was higher than that of golden delicious apples. Application of 3 mM salicylic acid resulted in
increasing superficial scald, off-flavour, and reduced general acceptance, but fruits treated with 2 mM salicylic acid

had better quality and more storage life compared to the other treatments.

Keywords: Antioxidant activity, decay intensity, electrolyte leakage, fruit appearance.
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1. 1-Aminocyclopropane-1-carboxylic acid
2. Jonagold
3. Cara Cara navel orange
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3. 1,1-diphenyl-2-picrylhidrazel
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1. Total Soluble Solids (TSS)
2. Refeactometer
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2. Red Delicious
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1. Electrolyte leakage
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Table 1. Analysis of variance of traits affected by salicylic acid treatments in two apple varieties during 180 days of
storage at 2 degrees Celsius

Factors df L Chroma  TSS V\ieight gneral Electrolyte Decay pH T.Ot‘?l

0SS acceptance leakage acidity
Cultivar (C) 1 253977 3327 76305 3957 20846 5.77 176.17 027 7947 078"
Storage (S) 4 32287 88977 1376.8" 184" 80256 8.4" 87779 46™ 0257 004"
Treatment (T) 7 20.08™ 37.01™ 858 057™ 2037 3.76" 312" 23" 001™ 0.002"™
CxS 4 50857 919" 10447 347 _3465" 0.24" 246.8™  0.02™ 0.07"  0.002™
CxT 7 15.98™ 3501™ 56™ 05 3317 0.18™ 80.3" 0.1™ 0.005" 0.003™
TxS 28 11.3™ 386™ 49" 137 2847 06" 192.4™ 0.2™ 0.001™ 0.0001"
CxTxS 28 11.6™ 27.09® 32™ 048" 17.02" 0.26™ 98.5™ 0.07™ 0.001™ 0.0007"™
Error 160 9.7 31.97 0.5 74 0.09 243 0.1 0.002  0.0002
CV (%) 11.1 3.15 599 1401  6.07 11.8 9.2 12.46

1.1 1.47

Aoy 50 ol mhw (ol pse g jlo pae e

ns, *, **: not-significant and significant at 5% and 1% at probability levels, respectively.

# NS

e B9a0 (32,9) (359 JRE » (Slojll oy g Skl ail Jles 3 Jlie 51T Jga
Table 2. Interaction effects.among cultivars, salicylic acid and storage time on weight loss (Percentage)

Cultivar Treatment 45(day) 90(day) 135(day) 180(day)
A0 0.54 %% 1.02°% 1.09"9 1.40°
AM 0.40%Y 0.56% 0.77 1.30%®
Al-0.5 0.48™ 0.67™ 0.761 1.17%®
Golden delicious Al-1 0.40% 0.751" 0.86°" 1.20%¢
A2-0.5 0.40% 0.66™" 1.09"9 1.16°%¢
A2-1 0.40% 0.74% 1.09%k 1.05°"
A3-0.5 0.35"Y 0.39% 0.98¢ 1.05°"
A3-1 0.29*Y 0.42"% 0.54 % 0.94°m
A0 0.38%Y 072" 0.96°T 1.10%"
AM 0.30"Y 0.52% 0.66™ 1.00%*
Al1-05 0.46°Y 0.59™ 0.86°" 0.92¢m
Red delicious Al-1 0.24 Ziy 043 riy 0.73 m_-r 0.84 gp
A2-0.5 0.32VY 0.35%Y 0.57°* 0.767*
A2-1 0.30"Y 0.45%Y 0.57°* 0.859°
A3-0.5 0.30"Y 0.757 0.76" 0.88°™M
A3-1 0.30"Y 0.68™ 0.789° 0.849°

(<1 0) el LSD s3] Bl bornSils o ime B 3505 5 ke 5 jite slacs >
Sl (A2-1) 5 (A2-05) .ceels S5 5 s Dooke dy Ygm oo} Slwcdls al (AL-1) 5 (AL-05) (sl ) e T ((AM) gt g0y (AD)
el g o D 4y Yge s ¥ Sekewdls ol (A3-1)5(A30.5) b < g s o s Yo ooV Skl

Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test,
(A0): No washing, (AM): Distilled water (0.5), (A1-0.5) and (A1-1): 1 mM salicylic acid for half and one hour (A2-0.5) and (A2-1): 2 mM salicylic
acid for half and one hour (A3-0.5) and (A3-1): 3 mM salicylic acid for half and one hour.
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Figure 1. Effect of storage time and salicylic.acid treatments on apple fruit chroma index

Mean within a column followed by the.same letter are not significantly different at p<0.05 according to the LSD test.
The vertical line on the columns show means + standard errors.
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Figure 2. Effect of storage time and salicylic acid treatments on soluble solids of apple fruit extract

Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
The vertical line on the columns show means + standard errors.
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Table 3. Interaction among cultivars and storage time on the qualitative characteristics of apple cultivars

Cultivar Storage (day) TSS (%) °Hue Chroma L* General acceptance  Total acidity (%) pH
At harvest 10.63 ¢ 1787 46.8° 77.31° 212°¢ 0472 4.23°

45 11.05 ¢ 180 % 448° 75.8%® 2.68 0.68° 4.2°
Golden delicious 90 11.11° 180 ® 326° 74.27" 29° 0.65° 4.37°
135 12.14° 181° 339°¢ 73.79° 2.95% 0.64° 4.43*°
180 12.8% 180 * 34.1° 70.19° 36° 0.62°¢ 4.43°
At harvest 11.7° 175.46°  31.2° 57.36° 2.16° 0577 3.91"
45 121 179.4° 312 55.3" 2.54¢ 057" 3.959
Red delicious 90 124 179.3° 23.05°9 55.3" 2.6° 0559 3.98"
135 1262 179.3° 247" 50.8¢ 2.85% 0.53" 3.96"
180 12.8% 1784™ 253" 50.68 ¢ 3.04% 0.53" 4.04°

P<1+0) CwllSD yge3T &b oy Silos o e M 055 5l S i slacs >
Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
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Table 4. Interaction effects among cultivars, salicylic acid and storage time on antioxidant activity (%)

Cultivar Red delicious Golden delicious
Treatment At harvest 90 (day) 180(day) At harvest 90 (day) 180(day)
A0 23.5%9 1164 95¥ 14.8™% 11.8" 73"
AM 11.6 95H 15.47™ 10.3"
A1-0.5 19.017 12.8" 29.7% 12.86™
Al-1 22.15°" 13.3" 15.5M 9.7H
A2-0.5 46.06° 125" 34.06™ 11.01%
A2-1 38.6% 17.59 28.77°¢¢ 13.1"
A3-0.5 4582 22.27%" 24.26%9 13.6™
A3-1 39.04%® 21.86° 25.08 ¢ 9.6

P<1+0) ol LSD (5051 &by o Silee Slo sine NS 0505 5 ylo S ie sladd >
Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
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Figure 4. Effect of variety, storage time and salicylic acid treatments on apple fruit decay index. Mean within a

column followed by the same letter are not significantly different at p<0.05 according to the LSD test. The vertical
line on the columns show means + standard errors.

Hadian deljo et ) <., (Rehab, 2013) ol (2008
oas (Davarinejad et al., 2014) DS 4 (al., 2012

ooy Cabl
(\ de&) oW )‘D‘Sum 0gu0 u»)a..)u WLL‘B »
Soldl ployoae ialdl b oo bpdy o B
VoSl sl jled (Y Jgoz) <l rals
21 Sl by b g as s Bee ipdy
VIO YL 805 oS 0l ol ogo i pdy o llB

sl b cov casa Saws kb

cuble gl 4o }ol) ool lils 5l e g e
sladele plp )3 (S plSotinl Guals 4 yoxie 0gas
Spdiee adjle cpl Gl calesys s Bisslen
ol R swypm s o (Ganai et al., 2015)
(o) el 5l 6T gl b Sl sl 00
5 S 0 o U als e Ll
Babalar ) 05 co o g0 5 pdy CoblE o158l
6ol b Sl ol (et al., 2007
ogme S8l (6l ydS g e )0 JalS (A5l
o Soeem Ol Dl 4 e
Huang et al., ) J&, osle oVgaxe 51 S p

gl y sl


WWW.SID.IR
WWW.SID.IR

ATAR

5V0 B wels b dlie o SileJls
o o 5l g sl 5SS Se cis eyl
Sl Sled (Jy il wals e b (Sl
59 YO U 3)) o o) P S Seleddle
edalin sald Lgei b (Jol&5 o ol 5l 5 092 S5
(O Jgoz) wis

(e S9 SYsb S a4 Ul ol sbes
g w2l Sl elie pdded 5 plae slaanly
Bl SLad 25l 50 et o3 g0 i |, Lag ]
Bgdisn Cugy b (sloged el (b olge i
olejose (Rl Loy n ol @B b genen
S8 g 28l Gl Ul sgre (g cedd (Slo Ll
el 4 ol Gleylil 55, 170 b Sebecl
Rastegri et ) o sals sboges 4 Comd (Jgo s
5 M e Sl el Lo @l 2014
L gy Ded o plos AT Gy, S0
LU lacrSgn o2 b baslae (e jo Jlal
by 25 ol Sl Glagtisn s s
2 Cedled 5l Selndlos sl S oo (6505 5l
0ainSTol slaps 3l 50,5 JUb b g 5,5 sl VB
Sayyari et al.,, ) sls isl;dl 1, LlT6g0 Caglis
(2009

VWAV Lasli oY 5L PR 5,58 ool SLEL psle

L aelie Jlad & ogee (950 Bran hlid (xe 4y
Sloldl 35, 1Y b (A)) wels L Jl> ool
(0 JS5) cesls clis Copnss

Py a5 el Vgame dlozr 5l o Byue
ogme S5 (5 pdy i 5 Ky b cow ] (5l
Alisee slapd) (g9, endplxl (gwypn o)l 1B
Cehl Gloylil pley Gl Lol plas e
Susaj ) 0,5 oy mals s, dan o boges (b pdy
2 w36 L Shedls ol (et al, 2014
Clocen; Yoo wlid slogyzr Gomlinnsly
Asghari & ) s, ;8 36 a0 5 ol
039 ol 5l (6,5 5l> «(Soleimaniaghdam, 2010
S5lo e cuml zalS 4 (Kazemi et al., 2011)
S opdy LlEl 4 xie (Wang et al., 2006)
S9dise Sloylil 8,90 50 Y game

(EL) Fg wais
Lon uillg 525 Joaz 5l eawlcwssn mls plo
L.O) Jgaz) og fhe G et Gl p el
as cal Gl g s glelal ley Ll
O 09 855 o 5l i 308 o 50 o] Gl
Sl boadjlas o8 Sld gl e

3 A 2 At harvest m45 90 135 =180
a8
25 - & 8
ol g
> 218" 2 I
= *_ L -8
% P —h! - o
8 15 1 Lk 3 38 < o 885
3] x~ T -3 I
< 1 § 3 I 3 T
T &= 3
= 3 T
054 3
0 -
A0 AM A1-0.5 Al-1 A2-0.5 A2-1 A3-05 A3-1
Treatment

osine M 055 Sl S e slocd > by Sl Sl aal o 5 ol oo il 0 U
ol 3, Jailisl (gl £ oy Silo Sy Jlogas Vb bglas (P<+/+0) Cesl LSD 9051 &3l s bayeSilio

Figure 5. Effects of storage time and Salicylic acid treatments on General acceptance. Mean within a column
followed by the same letter are not significantly different at p<0.05 according to the LSD test. The vertical line on the
columns show means = standard errors.
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Table 5. Interaction effects of cultivars, salicylic acid and storage time on electrolyte leakage (percentage)

Cultivar Treatment At harvest 45(day) 90 (day) 135 (day) 180 (day)
A0 30.27 %% 38.9%Y 41.46™ 59.45°7 69.9%
AM 46.98'° 33.45%" 56.2 M 692
A1-0.5 31.45" 45.1™9 56! 68.12°
Golden Al-1 40.37°* 52 m 58.99 62.5°"
delicious A2-0.5 3355 49,4670 52.1+m 55.6"
A2-1 335w 39.2°0¢ 58.8" 61.9°"
A3-0.5 32.3W 38.47PY 58.9" 61.77°5"
A3-1 32.3%W 39.34°%4 57.199 67.4%F
A0 31.3% 34.8™ 45.33™4 68.1%° 71.87°
AM 31.3%w 34.64™ 55.6" 68.69*¢
Al1-0.5 413" 436™" 62bh 68.38%°
Red Al-1 42.9™ 57.991 60.2¢" 69.9%
delicious A2-0.5 33w 33.5%" 60.6°" 65.67%¢
A2-1 37.19% 44.6™9 58.04 91 67.4%
A3-0.5 3134 39.8°1 57.99 57.99
A3-1 3355 39.8°¢ 61.5°" 69.5%°

P<1+0) ol LSD (yse3T &L lappnSilos o cime GO 055 S by S iie slacs >

Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
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